Background Eff ective and scalable HIV prevention for adolescents in sub-Saharan Africa is needed. Cash transfers can reduce HIV incidence through reducing risk behaviours. However, questions remain about their eff ectiveness within national poverty-alleviation programmes, and their eff ects on diff erent behaviours in boys and girls.
Introduction
Eff ective and scalable HIV-prevention interventions for adolescents in sub-Saharan Africa are urgently needed. Of the subcontinent's 1·8 million new HIV infections in 2011, 41% were in people aged 15-24 years, with up to threetimes higher prevalence in girls than in boys. 1 Although many prevention programmes prioritise educational and behavioural approaches, additional interventions that address structural drivers of the epidemic are needed. 2 Cash transfers have been a focus of HIV-prevention research in the past few years. 3 Several randomised controlled trials have investigated the eff ects of conditional and unconditional cash transfers on risk behaviour in young people, with further studies underway. 4, 5 In Tanzania, risk reduction has been linked to quarterly cash payments that were conditional on negative results of sexually transmitted infection tests, 6 and a trial done in Zomba, Malawi, 7 showed that cash transfers-either unconditional or conditional on school attendance-given to adolescent girls were associated with younger sexual partners and lower prevalence of HIV.
However, almost all the evidence linking cash transfers to HIV-risk behaviour comes from randomised controlled trials that are carefully done by researchers or collaborating non-governmental organisations. 8 By contrast, national government-administered social protection programmes have wide reach and uneven implementation. At a time when the governments of sub-Saharan Africa are showing increased interest in cash transfers, it is essential to identify whether HIVprevention benefi ts operate at such scales. 9 To date, only two studies have assessed this point: a cross-sectional assessment 10 of the South African child support grant showed that adolescents in households that received grants reported less sexual activity, and a prospective analysis 11 of 684 young people in Kenya's Orphans and Vulnerable Children cash transfer programme showed positive indications but no signifi cant overall eff ects on transactional sex for young women, probably because of the small sample size and rarity of events.
Questions also remain about the exact mechanisms by which cash transfers might aff ect diff erent risk factors for HIV in countries with mature epidemics and high prevalence. 8 Evidence from sub-Saharan Africa suggests that the pathways to risky behaviour are diverse-eg, economic need might drive girls to take risks regarding partner selection, such as transactional sex, 12, 13 whereas the infl uence of peers or low self-esteem might increase behaviours such as having sex after drinking alcohol. 14 Furthermore, mechanisms and intervention eff ects might diff er between boys and girls. Whether cash transfers are eff ective against only some or all risky sexual behaviours, and any diff erences or patterns between boys and girls needs to be investigated. 15 South Africa provides two main cash transfers for children, mutually exclusive and both received monthly. The child support grant (ZAR250 per month in 2010, ZAR280 per month in 2012; roughly equivalent to US$35) is available to all primary caregivers of children who earn less than a means-tested benchmark. The foster child grant (ZAR710 per month in 2010, ZAR770 per month in 2012; US$96) is available to primary caregivers of a child legally in their care, as a result of being orphaned, abandoned, at risk, abused, or neglected, and is received by only 573 000 children compared with 11·2 million children receiving child support grants. 16 Although outreach programmes have greatly increased coverage in recent years, a 2012 report 16 states that 27% of eligible children were not receiving a child support grant. Furthermore, recent data 17 suggest that only a small proportion of eligible children receive the foster child grant, partly because of backlogs in social services and court proceedings; instead, many receive a child support grant-which does not require a court process-or no grant at all. The maximum age for receipt of child support grants increased from 16 years in 2010 to 18 years in 2011. Foster child grants are generally available until age 18 years (21 years for those attending school). Therefore, South Africa is a suitable place to assess a state-led but not yet universal child cash transfer programme in a country where HIV prevalence is high. The only other state child-focused grant is the care dependency grant, received by roughly 120 000 children who need full-time permanent home care because of mental or physical disability. This grant was excluded from analyses because of confounding eff ects of severe disability or sickness on HIV risk behaviour.
We aimed to assess whether the cash transfer programme in South Africa aff ects risky sexual behaviour in children aged 12-18 years and whether cash transfers have diff erent eff ects on diff erent risk behaviours.
Methods

Study design and participants
We did a prospective, observational study because we could not randomise allocation to grant receipt in a longstanding national programme. We used propensity score matching, which is recommended by the World Bank 18 for assessment of social programmes in non-randomised studies. This approach simulates randomisation by matching treatment and control groups for variables that might predict their likelihood of cash transfer receipt, 19 ensuring that these variables will not bias the estimate of the treatment eff ect. 20 This method has been shown to be reliable for assessment of the eff ects of HIV education on risky sexual behaviour, predictors of HIV testing, and economic eff ects of HIV. 21, 22 We selected two urban and two rural health districts with antenatal HIV prevalence of more than 30% according to the national antenatal prevalence survey 23 from two South African provinces: Mpumalanga and the Western Cape. Within each health district, sequentially numbered census enumeration areas were selected by random number generation until we had the required sample size. In each area, every household was visited and included in the study if an adolescent (aged 10-17 years) lived there.
Ethics protocols were approved by the Universities of Oxford, Cape Town, and KwaZulu-Natal, and the Provincial Health and Education Departments of Western Cape and Mpumalanga. Participants and their primary caregivers provided written informed consent. No incentives were given, apart from refreshments and certifi cates of participation.
Procedures
In each household, one adolescent was randomly selected by drawing names from a bag and interviewed face-toface for 60-70 min. All measures were assessed from adolescent self-report. All interviewers were trained and experienced in working with vulnerable children. All questionnaires, data, and consent forms were translated into Xhosa, Zulu, Sotho, Swati, and Shangaan and checked by back translation. Participants chose which language to use. Confi dentiality was maintained, except if participants were at risk of signifi cant harm or requested assistance. If participants reported recent abuse, rape, or other signifi cant harm, immediate referrals were made to child protection and health services, with follow-up support. For past abuse or rape, referrals were made to support services and to HIV/AIDS services if appropriate.
We recorded risky sexual behaviours at baseline (2009-10) and follow-up 1 year later (2011-12) with scales from the National Survey of HIV and Sexual Behaviour Amongst Young South Africans and the SA Demographic and Health Survey. 24 Transactional sexual exploitation was defi ned as sex in exchange for food, shelter, school fees, transport, or money. Age-disparate sex was defi ned as having a sexual partner more than 5 years older than the participant. 24 Unprotected sex was defi ned as sometimes, rarely, or never using condoms when having sex (versus always using condoms or no sexual activity). Multiple sexual partners was defi ned as having had two or more partners in the past year. 25 Sex after drinking alcohol or taking drugs was defi ned as sex while drunk or after using any drug (eg, crystal methamphetamine, glue, marijuana). We recorded both incidence in the past year (ie, had not done the behaviour at baseline but had by follow-up) and prevalence (ie, ever done the behaviour).
We measured receipt of a child-focused cash transfer by household access to a grant-child-focused grants in South Africa are usually used at the household level and benefi ts shared between all children in the home. 10 On the basis of evidence that cash transfers need to be sustained and predictable to aff ect outcomes in adolescents, 10 we recorded a household as having had a cash transfer only if it had received a transfer at both baseline and follow-up.
We measured potential covariates for propensity score matching at baseline and follow-up. We recorded participant age, sex, and location (urban or rural), primary caregiver's sex, maternal orphanhood, paternal orphanhood, biological parent as primary caregiver, and formal or informal housing with items adapted from the South African census. Household unemployment was measured with a household map (the child and interviewer drew an outline of their dwelling, divided into rooms, and drew each person who sleeps in each room, their age, sex, relationship to the child, and employment status). Well-functioning families might be able to more easily access cash transfers, so we used validated Alabama Parenting Questionnaire subscales to measure positive parenting and parent discipline and monitoring. 26 We assessed family social support with a standardised scale 27 and moving house with a Road of Life qualitative instrument, 28 both used previously in South Africa. We measured household assets with an index of access to the eight highest socially perceived necessities for children, corroborated by more than 80% of the population in the nationally representative SA Social Attitudes Survey.
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Statistical analysis
We did power analyses with G*Power3 (version 3.1) on the basis of the eff ect size for age-disparate sex in a previous trial. 7 The study was powered to detect odds ratios (ORs) ranging between 0·42 or less and 0·58 or less, depending on both sex and the given risk behaviour, using an α of 0·05, power of 0·80, and measured probabilities of both getting a grant and engaging in a sexually risky behaviour between 0·005 and 0·021 with our fi nal propensity-score-matched sample. We used propensity score matching to generate a control group matched to the treatment group for as many variables as possible, except that the control group do not receive the cash transfer. 30 We did the analyses in seven stages. First, we did individual regression of 23 potential propensity score matching variables versus the likelihood of household cash transfer receipt, controlling for participant age and sex. We included variables that were signifi cantly associated with receipt at either baseline or follow-up as covariates in the propensity score matching procedure. Second, we did propensity score matching for the 15 signifi cantly associated variables with SPSS (version 19), using a calliper of 0·20 to exclude bad matches (diff erence of the logit of the propensity score of >0·20 SD). 20 We used nearestneighbour matching and matching without replacement methods, making the treatment and control group equal sizes by excluding non-matched cases. 31 Third, after matching, we checked the adequacy of the model to test for any remaining standardised mean diff erences between treatment and control groups (>0·25 standardised mean diff erence). Because risky sexual behaviour becomes more common with age, we also controlled for age in all propensity-matched models. Fourth, we assessed the proportions of adolescents reporting any sexual activity. Only nine participants had Data are mean (SD) or n (%) unless stated otherwise. At baseline, aside from any eff ects of age and sex, signifi cant predictors of grant receipt were informal housing, household assets, no job in the household, family support, number of moves between homes, caregiver is a biological parent, and female primary caregiver. For follow-up, additional signifi cant predictors were informal housing, household assets, no job in the household, family support, caregiver is a biological parent, and female primary caregiver. All signifi cantly associated variables were used as covariates in the propensity-score-matching procedures. 
Role of the funding source
The sponsors of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all the data in the study and had fi nal responsibility for the decision to submit for publication.
Results
The baseline sample included 3515 households, and retention at follow-up was 96·8%. Our longitudinal sample included 3401 participants aged 10-18 years; 1926 were girls, 1475 were boys. Table 1 shows their descriptive characteristics. Individual regression identifi ed 15 of 23 potential variables as being associated with receipt of cash transfer (table 1) . Grant coverage at baseline (71·0%) and follow-up (72·3%) were both similar to the national average (73%). 16 Propensity score matching on the 15 identifi ed variables matched 2560 of 3401 adolescents (75·3%; 1280 per group). 706 participants were excluded from cash-transfer-recipient households and 135 from nonrecipient households. The matched groups did not diff er signifi cantly on the overall balance test (χ² [15] =8·19, p=0·916) and no substantial diff erences (of more than 0·25) remained for standardised mean diff erences of any covariates. 
Incidence in the past year
Girls
Receipt of household grant
For the propensity-matched sample (n=2117). AOR=adjusted odds ratio. Tables 2 and 3 show risky sexual behaviours in the past year in the longitudinal sample. All types of risky behaviour were associated with each other (ten comparisons). Transactional sex was more common in participants who had age-disparate sex than those who did not (8/ Logistic regressions for the propensity-score-matched sample additionally controlled for age (and subsequently checked by multivariate regression models controlling for all baseline covariates) showed that receipt of a cash transfer was associated with reductions in some risky sexual behaviours, varying by sex (table 4, fi gure).
For girls, receipt of a household cash transfer was associated with reduced incidence of transactional sex (table 4). In households that had not received a grant, 5·5% of girls had transactional sex in the past year, compared with 2·5% in recipient households. Cash transfer receipt was also associated with lower prevalence of transactional sex (table 4) . At follow-up, in households that had not received a grant, 6·2% of girls had had transactional sex, compared with 2·7% of girls in recipient households. Multivariate regression models using the full longitudinal unmatched sample confi rmed associations with reduced incidence and prevalence of transactional sex (tables 5, 6).
Cash transfers were also associated with reduced incidence in the past year of age-disparate sex for girls (table 4). For households that had not received a cash transfer, 4·3% of girls began an age-disparate sexual relationship in the previous year, compared to 1·2% in recipient households. Cash transfer receipt was also associated with lower prevalence of age-disparate sex (table 4) . At follow-up, in non-recipient households, 4·8% of girls had age-disparate sex versus 1·7% of girls in recipient households. Multivariate regression models confi rmed associations with reduced age-disparate sex (tables 5, 6). Cash transfers did not signifi cantly aff ect girls' likelihood of having had unprotected sex, multiple sexual partners, or sex while drunk or after taking drugs, either in the past year, or ever (tables 4-6).
For boys, cash transfers were associated with reduced incidence in the past year of multiple partners in the propensity-matched model (table 4), but were not associated with sustained prevalence, with the same fi ndings in the multivariate regression model (table 5) . We found no other signifi cant eff ects of a child-focused cash transfer for boys.
Discussion
Our fi ndings provide evidence that governmentadministered cash transfers are associated with reduced incidence in the past year and lower prevalence of risky sexual behaviours in adolescent girls, but no consistent associations for boys. These results support those of the trial in Zomba, 7 where reduced HIV incidence among girls receiving cash transfers was linked to younger age of sexual partners. Both of these studies suggest that child-focused cash transfers target specifi c-rather than all-risky sexual behaviours, and that a possible mechanism of change might be interruption of risks driven by economic necessity. 2, 3 This fi nding is especially important because transactional and age-disparate relationships are linked and major vectors of HIV infection, via power inequalities and higher infection rates in older male partners and male partners who provide fi nancial support. 32 Child-focused cash transfers did not reduce girls' risk behaviours related to sexual practices: unprotected sex, multiple partners, or sex after drinking alcohol or taking drugs. This result also accords with the fi ndings in Zomba, as well as models suggesting that other drivers of these behaviours might be more pertinent for 
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No household grant Received household grant adolescents than material deprivation. Although we report some evidence of a protective eff ect for boys-for multiple partners-no consistent reductions occurred. These preventive, sex-specifi c eff ects strongly support the use of cash transfers as part of a combination prevention approach that targets structural, behavioural, and biomedical drivers of infection. 2 Our fi ndings also suggest that specifi c consideration of risk reduction for boys is still needed.
We showed no adverse eff ects of cash transfers for adolescents, contrasting with short-term increases in risky sex in men given cash transfers in a Malawian trial. 33 Indeed, all ORs for boys in this study were less than 1, suggesting a trend towards a protective eff ect (tables [4] [5] [6] . Given the strong evidence of nutritional, educational, and other benefi ts of child-focused cash transfers, 9 it is encouraging to identify no harmful eff ects on risky sexual behaviours in this sample. However, further research is needed to identify diff erences between boys and girls for HIV infection rates associated with behaviours such as transactional sex, and mechanisms of sex diff erences in the eff ects of cash transfer. Future research could also assess whether delayed debut might be a mechanism by which cash transfers aff ect sexual risk behaviours in adolescents, and why associations with cash transfers vary between strongly linked HIVrisk behaviours, such as age-disparate sex and sex after drinking alcohol or taking drugs.
These fi ndings could also inform debates about whether cash transfers should be conditional or unconditional. The child support grant is de facto unconditional and means-tested. By contrast, the foster child grant has many conditions-requiring a courthearing with assessment by a social worker, proof of medical care, school attendance, and biannual reassessment. These conditions-combined with severe 
Girls
Household assets
No job in the household
Number of moves between homes 1·06 (0·71-1·58) 0·769
Female primary caregiver
Number of moves between homes 0·63 (0·29-1·34) 0·230
For the full longitudinal sample (n=2668). AOR=adjusted odds ratio. NA=not applicable. *n<5. understaffi ng of social services-result in very low uptake. 17 In our study, only 23 (0·7%) of 3401 participants received a foster child grant, suggesting that preventive eff ects were probably driven by the unconditional child support grant. Two ongoing South African randomised controlled trials of conditional cash transfers will provide further evidence. 4, 5 Future research should also assess associations between adolescent risk behaviour and other household-level cash transfers such as pensions, multiple cash transfer receipt within households, children's age at cash transfer initiation, and diff erences in immediate recipient (parent or guardian, child, or both).
Additionally, our fi ndings might be relevant to the particularly high-risk group of orphaned adolescents. Studies have shown younger age of sexual debut in orphans 34 -especially for maternally orphaned girls and paternally orphaned boys 35, 36 -and higher HIV-infection rates for orphaned adolescents. 37 Future studies should investigate the eff ects of foster child grants and other child-focused grants on risks for orphans. Our study has several limitations. First, we studied a pre-existing national cash transfer system-it was not possible to do a randomised controlled trial. However, the huge scale and government-administered nature of the South African system also provides a unique opportunity to assess the eff ects of cash transfers in real-world conditions. We used a conservative matching-withoutreplacement method, a 0·20 calliper, and additionally controlled for child age in regression models. 19 However, causality cannot be proven by propensity score matching; introductions of national cash transfer systems in other sub-Saharan African countries could provide valuable opportunities for randomised controlled trials, as shown with Mexico's PROGRESA-Oportunidades programme. 38 Second, our fi ndings cannot be generalised to highincome areas or to other ethnic groups. However, the 
Household grant receipt
Number of moves between homes 0·99 (0·66-1·48) 0·947
Number of moves between homes 0·60 (0·28-1·29) 0·191 1·07 (0·59-1·92) 0·833 0·94 (0·58-1·52) 0·791 1·23 (0·75-2·00) 0·411 1·15 (0·75-1·76) 0·518
For the full longitudinal sample (n=2668). AOR=adjusted odds ratio. NA=not applicable. *n<5. 39 future studies could include biological measures of adolescent HIV incidence.
Despite these limitations, our study has important implications for HIV prevention eff orts. Within South Africa, our results strongly support the continued scaleup of child-focused grants and show the importance of identifi cation of and support for eligible non-recipients. According to our fi ndings, full coverage of child-focused cash transfers for the country's 2·76 million girls aged 12-18 could prevent roughly 77 000 new incidences of transactional sex each year. Additionally, risk behaviours increased throughout adolescence, suggesting the importance of providing transfers not only to younger but also to older adolescents.
For the region, this study provides evidence of feasibility and scalability of child-focused cash transfers as an HIV prevention method: eff ects that have been reported in randomised controlled trials are also shown in a national-scale programme. Finally, our results accord with those of the recent Zomba trial in Malawi, with both studies showing reductions in deprivation-driven but not other risky sexual behaviours, suggesting that cash transfers might be most eff ective as part of a combination of prevention methods. To date, reviews have concluded that cash transfers show promise for HIV prevention (panel). 5, 8 Our fi ndings suggest that-in sub-Saharan Africa-this promise can become a reality.
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Panel: Research in context
Systematic review
The rationale for this study was based on three reviews, by Pettifor and colleagues, 5 Heise and colleagues, 15 and Lutz and Small. 8 We also searched published studies, grey literature, and ongoing trials with a focus on resource-poor nations. We searched PubMed, Cochrane, and Campbell collaboration trials, PEPFAR-USAID, DFID, and UN policy documents, Medline, and ISI Web of Science from 1981 to present. Search terms included "cash transfer", "grant*", "social protection", "sex*", "HIV*", and "adolescen*". Cash transfers for HIV prevention have shown promise in a few randomised controlled trials by addressing structural drivers of HIV infection, but further research is required. The UNDP 8 reports the need to test eff ectiveness of national-level cash transfer systems in resource-poor countries.
Interpretation
Our study complements the available evidence from randomised controlled trials, by assessing the eff ects of a national, government-administered cash transfer programme in a country with high prevalence of HIV. We report that, compared with adolescent girls in households not receiving a child-focused cash transfer, those in households that receive such transfers are signifi cantly less likely to take partner-selection-related HIV risks (by half for transactional sex and by two-thirds for age-disparate sex). We showed no reductions for other risk behaviours for girls, and no consistent reductions for any risk behaviours for boys. These fi ndings suggest that national cash transfer programmes might have an important role in HIV prevention. However, evidence from both this and other studies suggests that cash transfers might be of greater value for girls than boys, and are best used as part of combination prevention approaches.
